Metabolic activation of islet cells improves resistance against oxygen radicals or streptozocin, but not nitric oxide.
In the present study we investigated the effect of metabolic activation on the susceptibility of isolated rat pancreatic islet cells to the alkylating beta-cell toxin streptozocin (SZ), reactive oxygen intermediates (ROI), and nitric oxide (NO). The latter two represent physiologically occurring mediators involved in the autoimmune destruction of islet cells. ROI were generated by the enzyme xanthine oxidase, and NO was released from sodium nitroprusside. During 18 h of culture at a physiological glucose concentration (5 mmol/L), 75% of the islet cells were lysed by SZ, 81% by ROI, and 74% by NO, as determined by the trypan blue exclusion assay. Increasing concentrations of glucose or the nonnutrient stimulators theophylline and glibenclamide dose-dependently reduced SZ- and ROI-mediated islet cell lysis. In the presence of 29 mmol/L glucose, 5.5 mmol/L theophylline, or 10 micrograms/mL glibenclamide, SZ-induced lysis was reduced to 15%, 22%, or 15%, and ROI-induced lysis was reduced to 20%, 34%, or 15%, respectively. In contrast, stimulation by glucose, theophylline, or glibenclamide did not improve resistance against NO. The protection against SZ and ROI was associated with preserved mitochondrial activity, as determined by the ability of the islet cells to convert the tetrazolium salt 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide into its formazan. Elevation of the glucose concentration from 5.5 to 29 mmol/L increased the residual mitochondrial activity from 45% to 80% in SZ-exposed islet cells and from 21% to 78% in ROI-exposed cells. Conversely, the lack of protection against NO correlated with no preservation of mitochondrial activity in the presence of high concentrations of glucose, theophylline, or glibenclamide. In conclusion, our results show that metabolic stress does not render islet cells more susceptible to inflammatory insults in vitro. Rather, an increased mitochondrial energy supply improves the resistance against SZ and ROI, whereas the toxicity of NO was independent of islet cell activity.